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ABSTRACT
Apigenin (4,’5,7-trihydroxyflavone) is one of the most studied flavonoids with 
low toxicity and abundantly present phenolic compound in the plant king-
dom. The main sources of apigenin are fruits, vegetables, nuts, herbs, honey, 
and plant-based drinks like tea. Numerous plants produce apigenin as 
a secondary metabolite and its intake is strongly related to its anti- 
inflammatory propensities. The purpose of present review was to wade 
through the literature on the anti-inflammatory mechanisms of this metabo-
lite in various diseases and summarize the key objectives as they appear. 
Existing literature reported that apigenin is a promising candidate in mana-
ging a panoply of inflammatory-related diseases including cancer, diabetes, 
obesity, depression, insomnia, infection, and respiratory, cardiovascular, 
hepatoprotective, neurodegenerative, and skin diseases. Studies showed 
that apigenin significantly decreases the secretion of various proinflamma-
tory cytokines specifically tumor necrosis factor (TNF)-α, IL-1β, IL-6, and IL-10. 
Moreover, apigenin effectively blocks the nitric oxide-mediated cyclooxygen-
ase-2 expression and monocyte attachment and Prostaglandin by lowering 
iNOS and COX-2 in both microglial and macrophage mouse cells. Apigenin 
can slow the course of nonalcoholic fatty liver disease (NAFLD) in vivo by 
reducing high fat diet (HFD)-induced deposition of lipids and oxidative 
stress. It also controlled redox imbalances, suppress neuronal death and 
showed memory enhancement/learning skills and a reduction of fibrillar 
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amyloid deposits with lowered insoluble Aβ concentrations in vivo. Taken 
together, it can be argued that apigenin can wane inflammation and thus 
offers a promising future in slowing down the development of chronic 
diseases and associated complications.

Introduction

Apigenin (4,’5,7-trihydroxyflavone) belongs to the flavonoid group and is abundantly present in fruits, 
vegetables, nuts, and herbs (Figure 1). The apigenin contents were reported high in celery and parsley 
with amounts of 19 and 215 mg per 100 g, respectively.[1] Other sources rich in this bioactive molecule 
include wheat sprouts, oranges, rutabagas, tea, onion, chamomile, and cilantro. The daily intake of 
apigenin differs among countries across the globe. The results of a study in Netherlands found that 16  
mg of apigenin per day is sufficient to intake on a regular basis,[2] whereas in the Dutch diet, an intake 
of 1–1.5 mg per day is recommended.[3]

Inflammation is a complex but natural response triggered by a variety of harmful factors, namely, 
physical trauma, infections, and toxins[4] leading to pathological progression of organ damage. 
Inflammation is a common pathogenesis of many common chronic diseases and may cause acute or 
chronic inflammatory reactions in vital organs of the body leading to tissue damages and onset of 
diabetes, cancer, cardiovascular, bowel diseases, arthritis, and or neurodegenerative disorders.[5] It has 
been argued that inflammatory responses depend on the specific nature of the initial stimulus and its 
location in the body, they all have a unifying mechanism, which encompass: i) cell surface pattern 
receptors recognition of stimuli; ii) activiation of inflammatory pathways; iii) release of inflammatory 
markers; and iv) recruitment of inflammatory cells.

The three main pathways, NF-κB, MAPK, and JAK-STAT, play major roles in inflammation. 
A dysregulation of such pathways may culminate to inflammation-associated disease. For instance, 
in an injured tissue, macrophages, monocytes, and neutrophils are activated and proinflammatory 
cytokines are produced hastily, particularly interleukins including tumor necrosis factor (TNF)-α, IL- 
1β, IL-6, and IL-10.[6] These responses cause emergence and expansion of inflammatory and auto-
immune complications.[7] Many reports highlighted that apigenin is a biologically active molecule and 
has potent anti-inflammatory activities than other flavonoids, namely, quercetin, luteolin, tectori-
genin, wogonin, and kaempferol. Apigenin has a potential to inhibit transcriptional activation of 
inducible nitric oxide synthase (iNOS) and inducible cyclooxygenase-2 (COX-2) in RAW 264.7 cell 
lines that are activated by lipopolysaccharide (LPS), and resultantly lessens the production of NO.[8,9] It 
is reported that apigenin can suppress the production of NO in C6 astrocyte cells that were stimulated 
by LPS/gamma-interferon (IFN-γ) in dose-dependent manner resulting in an IC50 < 10–3 M.[10]

Figure 1. Chemical structure of apigenin (4,’5,7-trihydroxyflavone).

INTERNATIONAL JOURNAL OF FOOD PROPERTIES 1915



Apigenin has attracted the interest of numerous researchers due to its multiple valuable bioactiv-
ities. A large set of published reviews geared toward the anti-cancer property of apigenin,[11–16] on the 
general therapeutic potential of the flavone[17] and a few elaborating on the pharmacokinetics and 
bioavailability of the molecule[18–20] have been published. Only some piecemeal reviews are available 
so far on the inflammatory-reducing propensities of apigenin and there is a dearth of studies on the 
anti-inflammatory properties of this flavone. Therefore, present review is schemed to deliver pharma-
cokinetics, detailed break-down on useful effects on inflammatory-related diseases and other ther-
apeutic benefits of apigenin by collecting and presenting as much research data as possible under one 
single review.

Food sources of apigenin

The richest food sources of apigenin includes celery, parsley, chamomile, vine-spinach, artichokes, and 
oregano in dried form. According to reports, dried parsley contains highest concentration of apigenin 
(45,035 μg/g). The dried chamomile flowers contain 3,000 to 5,000 μg/g of apigenin. The seeds of 
celery contain 786.5 μg/g while the Chinese celery contains 240.2 μg/g of apigenin. The vine spinach 
contains 622 μg/g of apigenin.

Common fruits like grapefruit, oranges, beverages made from plants, vegetables like onions, 
chamomile, parsley etc., wheat sprouts, tea, and various seasonings all contain a lot of apigenin. The 
dried flowers of the chamomile plant, Matricaria chamomilla, are also source of apigenin used in 
herbal teas.[21] Other species, most of which are used in traditional herbal or alternative medicines, 
have also been found to contain apigenin as an active bioactive molecule, including propolis, 
Combretum erythrophyllum, Gentiana veitchiorum, Marrubium globosum, and Portulaca oleracea 
L. The richest sources of apigenin are the corresponding dried forms of celery, oregano, and parsley. 
Apigenin can be found in various plants as an aglycone or as a number of apigenin glycosides. 
Apigenin-7-O-glucoside, apigenin-6-C-glucoside (isovitexin), apigenin-8-C-glucoside (vitexin), api-
genin-7-O-neohesperidoside (rhoifolin), and apigenin-6-C-glucoside-8-C-arabinoside are the com-
mon apigenin glycosides.[22] Natural sources and potential health benefits of apigenin are shown in 
Figure 2.

Pharmacokinetics: absorption, distribution, metabolism, and excretion

Apigenin exists naturally in glycoside conjugate form as apigenin-7-O-glucoside and different acylated 
derived forms.[21] The glycoside forms and by-products has high solubility in water than apigenin. The 
solubility, bioavailability, and absorption are primarily dependent on the structure whereby 
a maximum bioavailability is reported as apigenin is linked with β-glycosides.[23] The main site for 
the absorption of polyphenols is the small intestine where 5–10% of total polyphenols absorption 
occur in the form of monomers and dimers. Therefore, 90–95% of the total polyphenol reaches the 
colon region in its actual form.[24] A study conducted on rats concluded that 28.6% of consumed 
apigenin is defecated within 72 h after oral administration.[25] A 10-day rat trial concluded that 9.4 to 
12% of radiolabelled apigenin administered orally was found in the intestine and feces, respectively. It 
can be concluded from the above studies that a large quantity of apigenin uses intestinal rote to pass 
through where it has strong interactions with gut microbiota.[26shown in Figure 3.

Bio-distribution and circulating levels of apigenin depends on its molecular size in the tissues. The 
net absorption is reduced due to the back secretion of glucuronides into the intestinal mucosa. The 
conversion of apigenin to bigger molecules in tissues has resulted reduced circulation level of this 
molecule and subsequent decrease in bio-distribution or bio-availability. For instance, glucuronides 
may be discharged back into the gut’s lumen after their production from intestinal mucosa and 
reduced the amount of nutrients that are actually absorbed. Cancer patients may have major changes 
in the distribution of the efflux transporters multi-drug resistance protein-1 (also known as ABCB1, 
P-gp, CD-243) and multi-drug resistance-associated protein-2 (also known as CMOAT and ABCC2). 
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These transporters may also help with the movement of these conjugated flavonoids. Additionally, 
apigenin can undergo glucuronidation, sulfation, and methylation, all of which have an impact on its 
bioactivity and distribution.[27–29]

To understand the breakdown of apigenin in the intestine, caco-2 cell monolayer system was used 
in study. During glucuronidation, apigenin acts as a substrate in epithelial cells of the intestine for 5′- 
diphospho-glucuronosyl transferase.[30] Intravenous administration of scutellarin and oral adminis-
tration of chrysanthemum to rats showed that most of the flavonoid metabolism occurred in the 
intestinal mucosa with minimum presystemic hepatic elimination.[31,32] However, some studies 
suggested that glucuronidation and sulfation of apigenin occurred in the hepatic cells at subcellular 
fraction level, which means that it is the type of flavonoid which determine the precise kinetics.[33] Bio- 

Figure 2. Natural sources and potential health benefits of apigenin.

Figure 3. Pharmacokinetics: Absorption, distribution, metabolism and excretion of apigenin.
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transformation of various flavonoid groups depends on plant enzymes and microbes and in some 
cases, it is similar to the mammalian plant metabolism. These findings provide an helpful testimonial 
about the effects of human gut microflora on flavonoids.[34] Poor bioavailability of flavonoids is 
mainly due to the UDP-glucuronosyltransferases (UGTs) metabolism. The metabolism of apigenin is 
very dynamic in the intestine than to liver because of UGTs. Apigenin excretion in Winstar rats was 
found to be lower compared to Gunn rats (deficient in UGT1A), signifying the upregulation of UGT 
isoforms in Gunn rats. It is the hepatic anion efflux transporters and upregulation of intestinal UGT2B 
in the UGT1A deficient Gunn rats that result in an efficient metabolism of flavonoids.[35] Generalized 
models for the absorption and distribution of apigenin in mammals suggested that it underwent two 
steps of metabolism. In phase I, monohydroxy derivatives, i.e., luteolin, scutellarein, and iso- 
scutellarein are produced, while in phase II, the derivatives underwent conjugation as proved by 
both in vivo and ex vivo studies.[36] An in vitro study proposed that during the metabolism of apigenin, 
one methyl conjugate, two sulphoconjugates, and four monoglucurono conjugates are formed. 
Contrary to the in vitro study, no metabolites from phase I were observed in group of rats perfused 
with apigenin. However, one sulfo and two monoglucurono conjugates were found in the 2nd phase of 
the metabolism.[37] In another study, radio-labeled apigenin was administrated orally in a single dose. 
It was found that 51% of the radioactive traces were present in urine, 9.4–12% in the intestine, 1.2% in 
the blood and liver, 0.4% in the kidney and the rest of the body contained 24.8% in 10 days trial period. 
It was also observed that a higher level of monoglucurono conjugate of apigenin was found in the 
immature female and male rats’ excretion (10.0–31.6% versus 2.0–3.6%, respectively) compared to 
monosulphoconjugate of apigenin. Kinetics revealed the half-life of apigenin in the blood were 91.8 h, 
with 259 mL of distribution volume and 1.95 mL/h of plasmatic clearance. From the above-mentioned 
facts, it can be said that apigenin is slowly engaged and removed in the body.[26] Chrysanthemum 
morifolium Ramat. extract containing apigenin has shown efficient absorption in the intestinal mucosa 
and slow elimination rate in serum compared to luteolin. After apigenin dosing, the maximum peak 
was observed at 1.1 and 3.9 h with total recovery of 16.6% in the urine and 28.6% in the feces. 
A randomized trial was performed on 14 volunteers to define the effect of parsley on urinary excretion 
of flavones. The trial was based on two weeks interventional study. In the first week, the subjects were 
given a basic diet and in the second week parsley supplemented diet (3.73–4.49 mg apigenin/MJ) was 
given. Results showed that 1.59–409.9 µg/MJ apigenin was excreted per 24 h via urine in the second 
week (supplemented diet), compared to excretion of 0–112.27 µg/MJ of apigenin per 24 h in the first 
week (basic diet).[38]

In light of the studies highlighted above, it can be concluded that apigenin is a bioactive molecule 
with poor solubility and bioavailability. It is either promptly metabolized after absorption or expelled 
in the urine or feces unabsorbed. Bioavailability is one of the most important properties in drug design 
and development, therefore it is important to improve this property of apigenin to make it a good drug 
candidate.

Health perspectives

Anticancer
Apigenin’s anticancer properties are a result of cell growth arrest and apoptosis by modulating various 
signaling pathways in lungs, breast, skin, liver, colon, blood, pancreatic, prostate, oral, cervical, and 
stomach tumors. Upregulation in the mRNA expression of TNF-α, caspases-3, is activated by 
apigenin, which causes apoptosis via extrinsic caspase-dependent route. Apigenin also caused an 
intrinsic apoptotic pathway, as seen by increased levels of caspase-3, cytochrome c, and Bax, while the 
levels of B-cell lymphoma 2, caspase 8, and TNF remained the same in PC3 cells of human prostate 
cancer. Furthermore, apigenin also inhibited the invasion of tumor factors, decreased the p105/p50, 
NF-κB, Akt, PI3K, expression of pluripotency marker Oct3/4 protein and phosphorylation of p-Akt 
(Figure 4). In addition, reduction of phosphorylation of p-Akt is linked with downregulation of NF- 
κB/Akt/PI3K signaling.[12] In another recent study conducted on HepG2 cells of experimental 

1918 Z. MUSHTAQ ET AL.



subjects, apigenin in combination with sorafenib showed preventive effect on cell viability than 
a single treatment. The combined effect of both compounds has been found to enhance apoptotic 
cell death, reduce migration and invasion, exhibit cell cycle arrest, and increase the apoptotic gene 
expressions.[16] Different researchers and investigators have worked on the preventive role of apigenin 
in different hepatic cancer cell lines such as Huh-7, HepG2, and SMMC-7721 etc., dose-dependently 
and observed that apigenin has the ability to arrest G1 phase of cell cycle and up regulate the cyclinD1 
while down regulate the expressions of CDK4.[15,39]

A study conducted by Hamadou and colleagues revealed that apigenin exhibited antiproliferative 
effects in the wild type colon colorectal cancer cells, HCT116 p53, by stimulating p53 response 
pathway, reducing MAP kinase signaling, and modulating poly-ADp-ribose polymerase (PARP) 
cleavage.[40] In another recent study conducted on mouse models subcutaneously xenografted with 
human esophagus cancer cells (eca-109) reported anti-tumor activity of apigenin. Flavones remark-
ably impeded proliferation of cells and triggered apoptosis by stimulating caspase-8 expression and 
cleaved PARP.[41] In an in vitro study, apigenin was applied to C6 glioma cells in cultures of isolated 
rats found multiple changes such as enhancement in activated M1 profile markers iNOS and OX-42, 
modulation of IL-10 and tumor necrosis factor release, reduction in cell viability, tumor migration and 
M2 profile marker CD206 expressions, respectively.[14,42] In colorectal cancer cell lines (SW480), 
apigenin lowered cell growth, senescence, induces apoptosis, and affects the proapoptotic and anti-
apoptotic proteins.[43]

In vitro analysis showed that apigenin significantly reduced cell proliferation, invasion, and 
migration during prostate cancer (PCa), and suppressed the development of tumor and metastasis 
in vivo.[44] Interestingly, the rates of survival of the animals were extended post-apigenin treatment. 
Studies reported that apigenin treatment caused the downregulation of kazal-like domains 

Figure 4. Anticancer activity of apigenin.
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proteoglycan 1 (SPOCK1), followed the decreased expression of mesenchymal markers and conse-
quently reduced the harmful effect of PCa cells. In PCa xenografts, overexpression of SPOCK1 led to 
substantial tumor development and relieved apigenin-induced anticancer effects. In clinical trials, 
higher levels of SPOCK1 were reported in tumor tissues in contrast to non-tumor tissues, which was 
attributed to a reduced disease-free survival in PCa patients.[45] A study showed that apigenin can 
efficiently inhibit colon cancer cell proliferation due to autophagy and apoptosis induction.[46] In 
another study, two different pancreatic cancer cell lines (Panc1 and PaCa44) were used to investigate 
cytotoxic effects of apigenin, whereby a stronger effect was recorded against Panc1 compared to 
PaCa44 cells. Such high cytotoxic effect was attributed to ample presence of intracellular ROS, 
reduction of HSP90 and mutant (mut) p53 expression, and inhibition of mTORC1. Importantly, 
contact with HSP90 stabilizes (mut) p53, which then triggers a +ve feedback loop between p62 and 
NRF2.[47] Moreover, apigenin treatment significantly increased caspase-9 activity during G2/M phase 
of cell cycle, up-regulated the COX2 (inflammation-associated gene) and BCL2 (apoptosis-associated 
gene) transcripts, and suppressed cell development in dose-dependent fashion in different lung 
fibroblast cell line (WI-38), ovarian adenocarcinoma cell line (SKOV-3), and skin fibroblast cell line 
(CCD-986Sk).[48]

When apigenin was linked with gefitinib, numerous oncogenic drivers including epidermal growth 
factor receptor (EGFR), c-Myc, and HIF-1α, were inhibited, the expressions MCT1 and Gluts protein 
were reduced, and the signaling of 5’ adenosine monophosphate-activated protein kinase (AMPK) was 
deactivated. Consequently, glucose uptake was controlled and energy metabolism is balanced that 
leads to reduction in utilization of energy in EGFR of H1975 lung cancer cells that are L858R-T790M- 
mutated. Post treatment with apigenin and gefitinib, dysregulation and apoptosis were reported in 
H1975 cells. This combined treatment with apigenin and gefitinib presented an interesting approach 
that can be implemented as an alternative treatment to resist EGFR-TKIs in non-small-cell ling 
carcinoma (NSCLC).[49] Snails are considered as important epithelial-mesenchymal transition 
(EMT) transcription factors for predicting colon cancer. According to a study, in NF-KB/snail path-
way, the activity of these snails was inhibited effectively by apigenin.[50] In SKOV3 ovarian cancer cell 
lines, apigenin caused induction of apoptosis via forming ROS and reducing mitochondrial membrane 
potential and modulating the B-cell lymphoma 2 (Bcl-2) and its associated X protein expression.[51]

In TNBC cells, apigenin reduced the activity of YAP/TAZ and influenced the target genes to 
express particularly CYR61 and CTGF genes. The study also revealed that YAP/TAZ-TEAD protein– 
protein interaction was effectively disrupted after treatment with apigenin and TAZ sensitized TNBC 
cells expression reduced considerably.[52] Apigenin and curcumin displayed growth-suppressive and 
proapoptotic effects in malignant melanoma. Flavonoids, including apigenin, have the potential to 
remarkably inhibit upregulation of IFN-γ-induced PD-L1 and simultaneously phosphorylation of 
STAT1. It was also observed that A375 cells treated with apigenin were highly sensitive to T cell- 
mediated death. The results of an in vivo study highlighted that apigenin has a significant role in 
inhibition of growth of A375 melanoma xenograft with improved infiltration of T cells into tumor 
tissues. Apigenin successfully reduced expression of PD-L1 in dendritic cells, which enhanced the 
cytokine-induced killer cells cytotoxicity against melanoma cells. The flavonoid prevented the growth 
of melanomas via several mechanisms, one of which is the decline in PD-L1 expression, which had 
a dual impact as it controls antigen-presenting cells as well as tumor formation.[53]

Therefore, apigenin exert anticancer properties via several mechanisms. It has the ability to 
upregulate miR-101 and miR-520b in numerous cancerous cells, which consequently suppress 
the development of tumors. Furthermore, when combined with miR-138 mimics or miR-423-5p 
inhibitors, the apigenin-induced apoptotic rate was considerably greater.[54] Several experimental 
evidences have demonstrated the effectiveness of apigenin in apoptosis induction, cell cycle 
arrest and inhibition of cellular proliferation, in different cancer cell lines such as hepatic, 
prostate, colon, lung, skin, and TNBC. Taken together, apigenin alone or in combination with 
other inhibitors such as curcumin, sorafenib, or gefitinib has the potential to manage highly 
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aggressive cancers. In concusion, apigenin has showed promising in vitro and in vivo anticancer 
properties that warrants further investigation via clinical studies.

Anti-diabetes

Administration of apigenin proved to be beneficial by ameliorating the resistance to insulin, relieving 
liver injury, and preventing modification of lipid contents in mice fed with high amount of fructose. 
Additionally, apigenin has successfully assisted in the accruing of Nrf2 nuclear translocation followed 
by rise in NQO1 and HO-1 proteins expression, which are in charge of reducing oxidative stress. 
Findings from molecular docking using Keap1 protein showed that apigenin has strong interaction 
with the Nrf2-binding site of this protein.[55] A study was conducted in streptozotocin (STZ)-induced 
diabetic rats to investigate whether apigenin has the ability to halt the development and progression of 
diabetic nephropathy. The results showed that oxidative stress and fibrosis appreciably arrest after 
treatment of apigenin (20 mg/kg), which subsequently enhanced renal damage caused by diabetic 
nephropathy.[56]

By inhibiting key hydrolyzing enzymes such as α-glucosidase activity, postprandial hyperglycemia 
may be suppressed. The results of kinetic investigation showed that α-glucosidase activity was 
reversibly inhibited by apigenin, with IC50 value of 10.5 × 10−6 mol/L and was a noncompetitive 
type of inhibition. In silico studies demonstrated that α-glucosidase activity was due to apigenin as it 
forms interactions at a site close to active site, which may prompt the closure of channels that 
ultimately inhibits or blocks substrate access. The relations between myricetin and apigenin by 
isobolographic investigation revealed that at subtle concentrations, these displayed synergistic out-
comes while at greater level, both exhibited additive or antagonistic interactions.[57]

In numerous in vitro and in vivo research, apigenin has been the subject to examine its anti- 
diabetic, anti-inflammatory, and anti-obesity properties, but the long-term additional effects of 
flavonoids on obesity at low concentrations are still unknown. Therefore, Jung et al.[58] used HFD – 
induced obese mice to determine protective benefits of apigenin against transcriptional and metabolic 
responses related to obesity and associated metabolic abnormalities. In high-fat fed mice, apigenin 
enhance hepatic steatosis while decrease in plasma levels of total cholesterol, free fatty acids (FFAs), 
markers of hepatic dysfunction, and apolipoprotein B was observed. Apigenin had no impact on food 
intake or adiposity. The observed activities were partially attributed to the upregulation expression of 
genes, monitoring oxidative phosphorylation, cholesterol homeostasis, fatty acid oxidation, electron 
transport chain, and tricarboxylic acid cycle, as well as the downregulation in expression of lipolytic 
and lipogenic genes and the suppression of certain enzymes necessary for synthesis of triglycerides and 
cholesterol esters in the liver.[58] A study conducted by Ren and colleagues[59] showed that admini-
strated apigenin at the rate of 50 or 100 mg/kg to high fat diet induced diabetic rats caused 
a momentous reduction in blood glucose, serum lipid, malonaldehyde, ICAM-1 levels and insulin 
resistance index and boost antioxidant enzymes like superoxide dismutase, and impaired glucose 
tolerance. In aortic tissues, apigenin also showed restoration of phenylephrine-mediated contractions 
and acetylcholine. Additionally, it also suppressed NF-κB activation and ICAM-1 mRNA expression 
and exhibited improvements in NO production in insulin presence using in vitro PA-treated endothe-
lial cells.[59] A study of Cazarolli et al.[60] observed diabetic rats to investigate impact of apigenin- 
6-C-b-L-fucopyranoside on glucose and insulin levels in serum samples. Findings showed that the 
compound exhibited glucose lowering effects in diabetic rats and enhanced the production of glucose- 
induced insulin. Inductions of alloxan has been found to enhance hepatic LPO, serum cholesterol; 
lower antioxidant enzymes, thyroid hormones, levels of serum insulin; increase activity of hepatic 
glucose-6-phospatase (G-6-Pase), enhance glucose concentration and amounts of triiodothyronine 
(T3) and thyroxine (T4) whereas administration of apigenin (0.78 mg/kg) reverted these changes in 
diabetic rats.[61] In conclusion, apigenin, possess promising antidiabetic properties via inhition of key 
carbohydrate enzymes that impact on postprandial hyperglycemia.
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Anti-obesity

Apigenin has the potential to reduce body weight and visceral adipose tissues (VAT) but not 
epididymal adipose tissue (EAT) or subcutaneous adipose tissue (SAT) in obese mice fed with HFD. 
Studies revealed that whereas HFD did not affect SAT and EAT, it did enhance STAT3 phosphoryla-
tion in VAT. Other research revealed that apigenin bound to non-phosphorylated STAT3, reduced 
phosphorylation of STAT3 and VAT transcription activity, which therefore caused reduction in 
STAT3 target genes expression for differentiation 36 (CD36). Due to decreased CD36 expression, 
peroxisome proliferator-activated receptor gamma (PPAR-γ), a crucial component of adipogenesis, 
was expressed at lower levels in adipocytes.[62]

Obesity is associated with several inflammatory responses, including IL-1 activation, mitochondrial 
dysfunction, and interference with adipocyte browning. In primary human adipocytes, apigenin 
provides protection against browning of IL-1β induced by dibutyryl-cAMP, as observed by an increase 
in oxygen consumption, mitochondrial content, and brown-specific markers. Furthermore, apigenin 
impeded NF-κB activation and functioning of inflammatory markers in these adipocytes incurred due 
to IL-1β. Interestingly, in response to treatment of IL-1β, apigenin stimulated prostaglandin E2 
(PGE2) and COX2 expression. In IL-1-treated cells, pharmacological suppression of COX2 or RNA 
silencing reduces apigenin’s beneficial impact on adipocyte browning. In addition, due to blockage of 
PGE2 receptor 4 (EP4), apigenin-mediated browning of adipocyte is reduced. In IL-1β-treated 
adipocytes, adipocyte browning is accompanied by rise in intracellular Ca2+ level partially due to 
TRPV1/4 receptor activation after administration of apigenin.[63] In human mesenchymal stem cells, 
different doses of apigenin (1, 10, and 25 µM) reduced TG accumulation, increased mRNA levels of 
ATG, and lowered FASN expression.[64] In obese rats, apigenin prevents skeletal muscle atrophy 
brought on by a high-fat diet. Without affecting body weight, it showed decreased fat pad development 
and lower levels of inflammatory cytokines. It increased skeletal muscle mass while expression of 
atrophic genes including Atrogin-1 and MuRF1 decreased noticeably. However, it also boosted 
exercise ability. Apigenin improved performance and biogenesis of mitochondria. Additionally, 
apigenin prevented the mitochondrial dysfunction and muscular atrophy that palmitic acid-induced 
in C2C12 cell culture. Additionally, it stimulated AMPK in the muscle and C2C12 cells in HFD fed 
obese mice.[65]

Apigenin substantially inhibited differentiation in 3T3-L1 cells, reduced the levels of peroxisome 
proliferator-activated receptor γ and CCAAT/enhancer binding protein (C/EBP) α. No clonal expan-
sion was observed in 3T3-L1 cells treated with apigenin during primary phases of adipocyte differ-
entiation. Apigenin prevented the progression of cell cycle at the G0/G1 phase. The simultaneous and 
sustained synthesis of p27 (Kip1) and a considerable decrease in the expression of cyclin-dependent 
kinase 4 and cyclin D1 were associated with this reaction. Apigenin enhanced the C/EBP inhibitors 
expression including the phospho-liver-enriched inhibitory protein isoform of liver-enriched activat-
ing protein C/EBPβ and C/EBP homologous protein while reduced the 35 kDa isoform of C/EBPβ 
expression. This reduced the ability of C/EBPβ to bind DNA in differentiating 3T3-L1 cells.[66]

Hepatoprotective role

Globally, the prime factor in liver-related morbidity and mortality is nonalcoholic fatty liver disease 
(NAFLD). However, there is currently no proven pharmaceutical treatment for NAFLD. In a study, 
a HFD-induced NAFLD model was used to assess hepatoprotective effects of apigenin and probable 
mechanism of action to establish its potential as a molecular candidate to treat NAFLD. The findings 
suggested that gavage administration of apigenin may lessen the harm that the HFD-fed mice’s livers 
experienced as well as increase insulin sensitivity and considerably reduce liver fat accumulation. 
Furthermore, apigenin therapy mice showed recovered hepatic steatosis and macrophage recruitment 
when compared to mice receiving HFD alone. Importantly, apigenin may suppress xanthine oxidase 
(XO) activity, reduce uric acid and ROS, and reverse the activation of the NLRP3 inflammasome 
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induced by HFD. Due to these outcomes, formation of pro-inflammatory cytokines including IL-1 and 
IL-18 will promptly control. Apigenin’s pharmacological function was validated further utilizing 
a FFA driven cellular NAFLD model.[67,68] A possible mechanism for acute liver damage might be 
due to oxidative stress caused by H2O2 in HepG2 cells and carbon tetrachloride (CCl4) in mice. 
Apigenin substantially declined activity of aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) in mice serum confronted with CCl4, as well as lipid peroxidation as evidenced by 
decreased malondialdehyde (MDA), catalase (CAT), glutathione (GSH), and glutathione peroxidases 
(GSH-Px) and increased superoxide dismutase (SOD). Apigenin prevented the rise in AST and ALT 
levels as a result of H2O2-induced oxidative stress, altered the equilibrium between GSH, SOD activity, 
production of ROS, and elevated the IL-6 and of TNF-* expression. Additionally, the results of the 
real-time qPCR, Western blot, and immunofluorescence assays demonstrated that apigenin could also 
increase the activity of cellular inhibitor of apoptosis protein (c-IAP) 1, TNF receptor-associated factor 
(TRAF) 2/3, moderate the nuclear translocation of hepatic nuclear factor-B (NF-B), and ameliorate 
NF-B-inducing kinase (NIK), thereby inhibiting the non-canonical NF-B.[69] Apigenin also inhibited 
the rise in malondialdehyde (MDA) caused by paracetamol. The activity of both glutathione reductase 
(GR) and catalase (CAT) enzymes were considerably elevated in liver homogenates after a toxic dose 
of paracetamol was administered.[70] In Male rats, hepatotoxicity was produced by addition of 0.1 mg/ 
ml of N-nitrosodiethylamine in drinking water, but apigenin (10, 20, or 40 mg/ml) exhibited 
a substantial dose-dependent reduction of the enzymes including LDH, SGPT ALP, and SGOT in 
blood. It also reduced the carbonyl concentration of proteins and lipid peroxidation. The results of the 
comet experiment in bone marrow cells, blood lymphocytes, and rat hepatocytes revealed a substantial 
dose-dependently reduction in mean length of tail.[71] Acetaminophen caused hepatotoxicity in male 
Wistar albino rats, but apigenin (50 mg/kg, PO) mitigated the damage, as evidenced by lower serum 
aspartate aminotransferase and alanine aminotransferase activity and a substantial reduction in 
histological damages. Apigenin inhibited the inflammatory responses by lowering signal transducer 
and interleukin-1 levels and activating expressions of transcription 3, as well as impairing oxidative 
stress, which is evinced by momentous decline in nitrite/nitrate and malondialdehyde levels in the 
liver, as well as hepatic contents restitution with reduced activity of superoxide dismutase and 
glutathione. Likewise, It inhibited apoptosis by lowering levels of caspase-3 expression.[72] 

Intraperitoneal administration of apigenin prevented liver injuries incurred due to ischemia/reperfu-
sion (I/R) by lowering BCL-2 levels and ICAM-1 levels.[73]

The possible molecular mechanisms of apigenin’s protective action against mice liver injury caused 
by lipopolysaccharide (LPS)/d-galactosamine (D-GalN) are being researched. The aspartate amino-
transferase and alanine aminotransferase levels in blood serum were dramatically lowered after 100– 
200 mg/kg oral administration of apigenin for 7 days. In contrast, apigenin pretreatment decreased 
tumor necrosis factor expression and NF-B protein expression and while improved PPAR and hepatic 
nuclear factor erythroid 2-related factor 2 (Nrf-2) protein expression, as well as increased the activities 
of glutathione reductase, glutathione S-transferase, catalase, and superoxide dismutase activities.[74] 

Apigenin was given to mice orally at the dosage of 150 mg/kg and 300 mg/kg and the group of mice 
receiving dose of 300 mg/kg in particular showed a rise in levels of glutathione S-transferase, 
glutathione peroxidase, glutathione reductase, and hepatic reduced glutathione. Nuclear factor 
kappa B and hepatic cytochrome P450 2E1 (CYP2E1) expression were both reduced by apigenin. 
The 300 mg/kg group significantly lessened hepatic steatosis. In the liver, pretreatment with apigenin 
may suppress the expression of sterol regulatory element binding protein-1c, diacylglycerol acyltrans-
ferase, the proteins fatty acid synthase while increase the expression of PPAR and the proteins 
carnitine palmitoyltransferase-1.[75]

NAFLD is also a key risk factor for onset of several metabolic syndromes, mostly begins due to 
oxidative stress in the liver and irregularities related to lipid metabolism. In HFD induced model, 
apigenin has the ability to minimize in vivo oxidative stress and lipid accumulation imposed on by the 
HFD and halt the progression of NAFLD. As a PPARM, flavone was unable to boost PPARγ 
expression despite apigenin significantly inhibits PPARγ target genes expression that encode the 
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enzyme related to fat metabolism. It is important to note that apigenin endorsed entry of Nrf2 into the 
nucleus, greatly stimulating it to suppress genes associated to fat metabolism and increase genes linked 
to oxidative stress. Furthermore, Nrf2 activity was required for apigenin to modulate PPAR target 
genes, according to research on Nrf2 knockdown/knockout and overexpression.[76] In the liver tissues 
of rats with nonalcoholic steatohepatitis, the levels of PPAR protein expression are affected by the 
dosages of apigenin. In a HFD-induced rat model, apigenin showed improved insulin sensitivity, 
decreased fasting blood glucose, fasting insulin, triglycerides, total cholesterol, low-density lipopro-
teins, aspartate aminotransferase, and alanine aminotransferase. It also showed higher levels of protein 
and mRNA of PPARα and PPARγ and increased high-density lipoprotein.[77] In Sprague-Dawley rats, 
renal injury was induced by 3-chloro-1, 2-propanediol (3-MCPD) and explored that apigenin (20, 40  
mg/kg body weight/day) exerted a renal protective activities by modulating oxidative phosphorylation 
especially due to reduction in cytochrome c release, reestablishment of mitochondrial membrane 
potential (MMP), relieving the increase of Bax/Bcl2 ratio, and upregulation of ATP6 and ATP8 
expressions, thus inhibiting the Caspase 3 and Caspase 9 activation.[78] In a study on group of rats 
with hepatic I/R, apigenin was administrated intraperitoneally and lowered the Fas and FasL genes 
expressions.[79] The acute liver failure is commonly due to dacetaminophen (APAP) overdose. In the 
presence of APAP, apigenin activated the NRF2 pathway, boosted APAP-induced autophagy, and 
decreased nuclear p65 transcriptional activity. EX-527, a SIRT1 inhibitor, decreased the apigenin’s 
ability to provide protection against APAP-induced damages to liver. The outcomes of molecular 
docking point out an interaction between apigenin and SIRT1 that may occur. Apigenin provides 
protection to the liver from APAP-induced damages by reducing APAP-induced inflammatory 
reactions, enhancing APAP-induced autophagy, altering the SIRT1-p53 axis, and curtailing the 
oxidative stress damages.[80]

Cardiovascular role

Doxorubicin drug has been found to cause cardiotoxicity through increasing cardiac and liver injury 
markers such as malondialdehyde, apoptotic proteins (Casp3, Bax), percentage of cardiac fibrosis, and 
lowering the antiapoptotic proteins (Bcl2) expressions. Contrary to this, apigenin treated with 
experimental subjects caused substantial reductions in MDA levels, apoptotic proteins, and enhance-
ment in antiapoptotic proteins.[81] A study on myocardial injury model induced by lipopolysaccharide 
reported that apigenin can enhance cardiac functions and ameliorate cardiac injury, apoptosis, and 
tissue damages. Moreover, the study revealed that this flavonoid could ease myocardial injury induced 
due to endotoxin by regulating inflammatory cytokines (IL-1β, MIP-1α, MIP-2, and TNF-α) and 
oxidative stress predominantly related to nitro tyrosine and protein carbonyl. Hence, apigenin can be 
a promising bioactive molecule in treating myocardial oxidative and/or inflammatory-induced 
injury.[82]

In apoE-/- mice and RAW264.7 macrophages, apigenin reduced LPS-induced inflammation and 
ABCA1-mediated cholesterol efflux in cells. Apigenin significantly enhanced ABCA1 expression 
time- and dose-dependently by suppressing miR-33. Quercetin treatment of macrophage-derived 
foam cells may boost ABCA1-mediated cholesterol efflux while decreasing total cholesterol, FC, 
and CE levels. When treating LPS-treated macrophage cells with apigenin, p-IκB-α, MyD88, TLR- 
4, and nuclear NF-κB p65 expression levels were reduced successfully. Furthermore, significant 
decline in the secretion of numerous proinflammatory cytokines due to apigenin was monitored. 
The administration of Apigenin also increased the ABCA1 expression in LPS-challenged apoE-/- 
mice, improved plasma lipid profile, decreased levels of NF-B p65, TLR-4, and miR-33, reduced 
the macrophages contents and smooth muscle cellular mass in atherosclerotic lesions, and 
alleviated inflammation, resulting in smaller atherosclerotic lesions.[83,84] Apigenin inhibits apop-
tosis in H9C2 rat cardiomyocytes by inhibiting ROS generation, oxidative stress, and apoptotic 
capacity of MI/R-induced H9C2 cells. Apigenin also enhanced MMP levels in these cells. 
Furthermore, apigenin regulated expression of certain proteins related to apoptosis and RAC 
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serine/threonine protein kinase (Akt) signalling/phosphatidylinositol 3’-kinase (PI3K) in MI/R 
driven H9C2 cells. The apigenin’s anti-apoptotic activity was abolished by treatment with 
LY294002.[85] In lipoteichoic acid treated embryonic heart cells of mouse (H9c2), apigenin in 
dose-dependent manner blocked the activation of c-Jun N-terminal kinase (JNK), p38, and 
extracellular signal-regulated kinase (ERK)1/2 in cardiomyocytes. Moreover, apigenin blocked 
IκB degradation and NF-κB translocation.[86]

Apigenin was observed to prevent hemodynamic perturbations, reestablish the function of the 
left ventricle, and maintain a controlled redox status in the rat model. The compound also 
protected the rats against myocardial infarction by weakening myonecrosis, edema, apoptosis 
and oxidative stress.[87] Apigenin remarkably enhanced heart function, overcoming endoplasmic 
reticulum stress by triggering AMPK signaling pathway, alleviated myocardial injury, and 
increased cell viability and decreased cell death.[88] Findings gathered from in vitro experiments 
showed that apoptosis of oxidized low-density lipoprotein-loaded murine peritoneal macrophages 
could be induced by apigenin. The plasminogen activator inhibitor 2 (PAI-2) expression was also 
reported to be reduced by this flavonoid.[89] Apigenin therapy can reduce miR-15b expression, 
enhance the activity of the JAK2-STAT3 pathway, increase the expression of JAK2 and reduce 
myocardial cell death and ROS generation. In a rat model of I-R injury, apigenin lessen myocardial 
I-R injuries. It decreased and increased miR-15b and expression of JAK2, as well as the activity of 
the JAK2-STAT3 pathway, decreasing cardiomyocyte cell death, myocardial I-R damage, and ROS 
generation.[90]

Apigenin caused mitochondria-dependent cell death in hypoxic PASMCs to provide protection 
against pulmonary hypertension (PH) in male Sprague-Dawley rats. In both in vitro and in vivo 
investigations, apigenin ability was established to undo the hypoxia-induced suppression of KV1.5 
expression. In hypoxic PASMCs, apigenin-induced mitochondrial-dependent apoptosis was inhibited 
by diphenyl phosphine oxide-1 (DPO-1) which is actually an inhibitor KV1.5, demonstrating that 
KV1.5 is implicated in this process. Additionally, functional studies revealed that apigenin activated 
hypoxia-induced factor 1 (HIF-1) signaling to promote mitochondria-dependent apoptosis.[91–93] 

Apigenin (50 and 100 mg/kg) reduced blood levels of lactate dehydrogenase (LDH), creatine kinase 
(CK), TNF-, IL-6, and IL-1 in a lipopolysaccharide-induced endotoxemic rat model. In the heart, Bcl- 
2, Bax, cleaved caspase-3, and cleaved caspase-9 were all found using the Western blot method. The 
heart-derived myogenic cell line H9c2 in rat embryo was investigated in vitro to see if apigenin could 
counteract the effects of LPS. The LDH, IL-1β, IL-6, TNF-α, and CK-MB levels in serum were all 
reduced by apigenin. In addition, it was also observed in vitro study that apigenin inhibited SphK1/S1P 
signaling system, the MAPK pathway, and intracellular calcium passage. It also inhibited Bax cleaved 
caspase-3 and −9, and proteins in the heart. Apigenin exerted notable cardioprotective activity in rats 
subjected to LPS. By blocking the SphK1/S1P signaling pathway, the observed action was linked to the 
decrease of myocardial apoptosis and inflammation.[94]

Apigenin protected myocardial against I/R injury by dramatically improving contractile function-
ality of rat heart, decreasing infarct size, apoptotic rate, and LDH release, upregulating expressions of 
caspase-3 and Bcl-2 and downregulating expression of cleaved caspase-3 after A/R. Furthermore, 
apigenin improved cell survival while decreasing LDH release, ROS generation, apoptosis, and 
mitochondrial cytochrome c flow into the cytosol following A/R in the culture of H9c2 cardiomyo-
cytes. In addition, ABT-737 inhibited Bcl-2 activity, which dramatically decreased apigenin’s protec-
tive impact on A/R-induced myocardial damage.[95] In experimental rats, triphenyltetrazolium 
chloride induces myocardial I/R injury and caused a significant increment in lactate dehydrogenase, 
creatine kinase, MDA level, inhibited the activity of SOD, enhanced the phosphorylation of p38 
MAPK. On the other side, apigenin treatment to experimental subjects has been found to revert these 
changes.[96] In myoblastic H9c2 cells, apigenin inhibited apoptosis and pyroptosis caused by I/H 
damage. Furthermore, pro-inflammatory cytokines (IL-1 and IL-18) were used to observe functions of 
apigenin in I/H-induced myocardial damage and found that treatment of I/H-induced H9C2 cells with 
apigenin significantly reduced a rise in levels of IL-8 and IL-1.[97]
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Antimicrobial

Apigenin showed antimicrobial activities against numerous pathogens, including Enterobacter 
aerogenes, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, and Salmonella 
typhimurium.[98] The structure of cell membrane is disrupted by apigenin as this molecule 
change order and orientation of lipids in membrane, resulting in leakage of vesicles.[99] 

According to several studies, flavonoids’ antibacterial activities mostly comprised inhibition in 
synthesis of nucleic acid, inhibition of cytoplasmic membrane function to impact permeability, 
biofilm growth, porins, and interactions with various important enzymes.[100] Apigenin has been 
demonstrated to inhibit Escherichia coli DNA gyrase,[101] and to prevent the production of 
E. coli biofilm.[102] In a recent study, liposomal formulation of apigenin was explored. When 
apigenin liposomes interacted with the membranes of the studied bacteria, it increased its 
antibacterial activities, resulting in bacterial cell lysis. As findings were reviewed, liposomal 
apigenin was shown to be considerably more effective against both Gram +ve and Gram -ve 
bacteria, such as E. coli (MIC = 16 g/mL), P. aeruginosa (MIC = 64 g/mL), S. aureus (MIC = 8 g/ 
mL), and B. subtilis (MIC = 4 g/mL).[103]

Neuroprotective

Alzheimer’s disease (AD) and Parkinson’s disease (PD) are associated with progressive nerve cells 
deterioration affecting a large portion of the cerebral cortex and the cognitive ability. Apigenin has 
been shown to reduce the production of neurotoxic agents such as ROS and accompanying inflam-
matory cascades.[104] AD is the most common neurodegenerative disease (ND) as existing therapeutic 
measures are insufficient owing to the disease’s complicated etiology. ND are defined by the perma-
nent loss of nerve cells. In case of familial and sporadic AD induced in human pluripotent stem cells 
(iPSCs) model, apigenin exhibits strong anti-inflammatory effects, with the potential to increase cell 
viability and preservation of neurites and by inducing a downregulation in the production of cytokines 
and NO. Furthermore, apigenin can preserve iPSC-derived AD neurons in several ways, including 
substantially decrease in caspase-3/7-mediated death and lowering the spontaneous Ca2+ signals 
frequency.[105,106] The peripheral nerve degeneration is also protected by apigenin by inhibition of 
four important phenotypes such as myelin fragmentation, trans-dedifferentiation, axonal deteriora-
tion, and Schwann cell proliferation via Krox20- and extracellular signal-regulated kinase- 
independent mechanisms.[107] The apigenin (117, 234, and 351/kg) pretreatment intragastrically 
improves the aberrant neuronal morphology generated by ACN and lowers the autonomic activity 
in rat models with acrylonitrile gavage (46 mg/kg) was given to enhance oxidative damages and to 
induce inflammation-related disease, such as AD. Additionally, apigenin may lower levels of oxidative 
stress, TNF-, and IL-6, downregulate the TLR4/NF-B signaling pathway, and block mitochondria- 
mediated neuron death.[108] Apigenin prevented A burden in an AD model by downregulating BACE1 
and -CTF levels, relieving A deposition, and decreasing insoluble A levels. Apigenin also boosted the 
antioxidant enzymes activity including superoxide dismutase and glutathione peroxidase and hin-
dered superoxide anion scavenging. Additionally, apigenin stimulated the cerebral cortex’s neuro-
trophic ERK/CREB/BDNF pathway.[109]

Apigenin inhibited the microglial activation, as seen by modification in morphology of microglia 
(Iba-1 + cells) and suppression of proliferation (BrdU+ cells), as well as lowered the M1 inflammatory 
marker CD68 expression. Furthermore, inflammatory stimuli generated by IL-1 decreased the mRNA 
expression of IL-10 while enhanced the mRNA expression of CCL5, IL-1, and IL-6, as revealed by RT- 
qPCR. In contrast, decrease in expression of gp130, IL-6, and OX42, as well as modification in 
inflammatory cytokine mRNA expression was observed after treatment with apigenin in inflammatory 
stimuli (IL-1 or LPS). Furthermore, apigenin improved the production of brain-derived neurotrophic 
factor (BDNF) alone or in response to IL-1 stimulated inflammation a result that have direct 
association with neuroprotection and anti-inflammatory responses.[110]
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It was reported in a study that apigenin has the potential to preserve neurons and the integrity of 
astrocytes by β-tubulin III and GFAP, accordingly. Findings from the same study demonstrated that 
the flavonoid was non-neurotoxic and exhibited neuroprotective activity against inflammatory 
damage. Taken together, results from the study showed that apigenin represents a promising neu-
roimmunomodulator agent for managing neurodegenerative complications.[110] Although research 
suggests that apigenin may have protective properties that might be interrelated with reduction of 
toxicity caused by amyloid-peptidepeptides (A) although, the mechanism behind this action remains 
unknown. In an AD cell model, apigenin’s in vitro neuroprotective effect was linked to mental 
equilibrium and amyloid toxicity and its possible signal transduction was investigated. Apigenin 
keeps neurons in protection against copper-induced A-mediated toxicity, which was characterized 
by lessened neuronal nuclear condensation, increased neuronal survival, and reduced mitochondrial 
membrane dissipation. However, it was shown that apigenin could not decrease expression of β- 
amyloid precursor protein (AβPP) and could not lower the secretion of Aβ (1–42). Apigenin 
substantially improved spatial working memory in AD patients. In the hilus region, it also substan-
tially decreased the amount of degenerative neurons. Interestingly, apigenin completely inhibited the 
release of caspase 9 and cytochrome c in hilus.[111] Apigenin (3, 6, and 12 M) pretreatment to rat 
adrenal pheochromocytoma cells (PC12 cells) caused significant elevation in mitochondrial mem-
brane potential, increase in cell viability, decrease in the level of ROS and inhibition in lactate 
dehydrogenase release. Additionally, it significantly prevented the PC12 cells’ MPP (+) induced 
high rate of apoptosis and decreased Bcl 2 to Bax ratio.[112] In rotenone-induced PD, apigenin (10 
and 20 mg/kg) decreased expression of NF-B gene and safeguarded substantia nigra pars compacta 
(SNpc) region from neuroinflammation. It also reduced the activity of pro-inflammatory enzyme 
iNOS-1, which was stimulated by ROT and production of proinflammatory cytokines IL-6 and TNF-. 
Furthermore, in ROT-lesioned rats, apigenin reduced the downregulation in mRNA expression of 
neurotrophic factors GDNF and BDNF. Apigenin also increased expression of dopamine D2 receptor 
(D2R) and TH protein while reduced synuclein aggregation in ROT-lesioned rats.[113] Probenecid and 
MPTP (250 mg/kg and 25 mg/kg, respectively) were given to mice to induce parkinsonism. Apigenin 
was given orally to mice for 5 days as pretreatment and continue the therapy for 26 days. The results 
showed that apigenin treatment ameliorated the muscular and locomotor activities in mice treated 
with MPTP. It is assumed that the protective effect exerted by apigenin on dopaminergic neurons was 
probably due to the reduced microglial activation, neuroinflammation, and oxidative damage, and due 
to an enhanced neurotrophic potential.[114]

Anti-inflammatory role

Numerous investigations have discovered that the activation of an inflammatory response involves 
both MAPKs and NF-B signaling pathways.[115,116] Thus, a promising target for inflammatory therapy 
has been identified based on blocking the LPS-stimulated signal transduction cascades. The results of 
in vivo experiment reported that apigenin inhibited LPS-induced inflammation by deactivating NF-B 
and dephosphorylating Ser536 in the p65 subunit. Moreover, In human THP-1 macrophages, apigenin 
greatly reduced NF-B activation and LPS-induced ERK1/2.[117]

Apigenin exhibited anti-inflammatory activity in human periodontal ligament (hPDL) cells that are 
stimulated by LPS and nicotine. Apigenin (10–40 M) retarded the production and activity of HO-1 
proteins produced by LPS and nicotine. Additionally, the substance significantly decreased the 
production of IL-1 β, IL-6, IL-12, TNF-α, prostaglandin E2, and nitric oxide, as well as COX-2 and 
iNOS and in hPDL cells when nicotine and LPS were present. Hemin, a selective inducer of HO-1, 
eradicated suppression of LPS- and nicotine-induced cytokine production, PGE2, and NO mediated 
by apigenin. In cells exposed to nicotine and LPS, various inhibitors including JNK, MAPKs, p38, and 
phosphoinositide 3-kinase as well as a protein kinase C inhibitor prevented the anti-inflammatory 
effects when treated with apigenin.[118] To assess the effectiveness of apigenin and underlying 
mechanism, mouse J774A.1 macrophage cells and human THP-1-induced macrophages were used 
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to determine LPS-induced inflammatory response. Data revealed that apigenin has a pivotal role in 
inhibition of LPS-induced proinflammatory cytokines production, namely TNF-α, IL-1β, and IL-6, via 
regulating several intracellular signaling pathways in macrophage cells.[119]

Like other flavonoids, apigenin inhibits TNF-α by either reducing its synthesis or impairing its 
activity. The chronic inflammatory disorders often appear due to activation of NF-B by malfunction-
ing or overproduction of TNF. This is accomplished by ligating the transmembrane TNF- receptor, 
which activates the IĸBα kinase via stimulating cellular pathways.[120] Additionally, the decrease in 
TNF-gene expression helps to partially explain how apigenin acts as an anti-inflammatory. The NOS 
and COX-2 genes are inactivated as a result of inhibition of NF-ĸB activity, that is critically essential 
for cell-cycle arrest and the suppression of inflammation.[121] Conclusively, apigenin has a vital role to 
inhibit inflammatory processes by targeting and downregulating certain factors particularly NF-ĸB 
and TNF-α.[122–124]

Reproductive role

In a study, the cryoprotective effect of apigenin on boar sperm during cryopreservation was examined. 
These sperms are highly sensitive to oxidative stress and to conserve sperm quality, suitable antiox-
idants are required. Apigenin is a highly efficient antioxidant and results from the study showed that 
supplementing the freezer extenders with apigenin demonstrated a positive effect on frozen-thawed 
boar sperm.[125] In male Sprague-Dawley rats, apigenin exerted a protective effect against sub-chronic 
sperm and testis injury induced by acrylonitrile (ACN). Apigenin enhanced mitochondrial membrane 
potential (MMP), sperm concentration and motility, but ACN decreased these parameters. Apigenin, 
on the other hand, significantly decreased ROS and malondialdehyde (MDA). This flavonoid also 
reduced ACN-induced damage to the ultrastructure of sperm. Apigenin inhibited ACN-induced 
pathological damage and spermatogenic cell death in rat testes. Additionally, apigenin decreased 
MDA level while enhanced glutathione peroxidase activity. Finally, apigenin decreases ACN-induced 
sperm quality by inhibiting oxidative stress and inflammation.[126,127] Dang and colleagues deter-
mined the preventive role of apigenin against psoriasis through several pathways, namely, reduction in 
IL-1β, IL-6, and TNF-α expression, enhancement of sorbitol dehydrogenase and lactate dehydrogen-
ase isozymes, reduction in ROS development, suppression of phosphorylation of the inhibitory κBα, 
upregulation of cleaved caspase-3, downregulation of NF-κB levels, and induction of apoptosis.[126]

Respiratory role

Apigenin (20 mg/kg/day) treatment prevented asthmatic mice from developing AHR when exposed to 
PM 2.5 and elicited a mixed IL-17/T helper (Th) 2 cell response. In ovalbumin (OVA)-sensitized and 
PM2.5-exposed mice, the treatment significantly reduced AHR, the proportion of neutrophil, and 
eosinophils infiltration in the lung tissues and bronchoalveolar lavage fluid (BALF). In addition, IL-4, 
IL-13 (Th2-related cytokines) and IL-17 (Th17-related cytokines) and total serum immunoglobulin 
E (IgE) in BALF, all dropped significantly. In the asthmatic mice, apigenin therapy also lowered the 
quantity of NF-B p65 expression in lung tissues.[128]

Apigenin administered orally at the dosage of 10, 15, and 20 mg/kg/day prevented the fibrotic 
process in rat lung tissues. These therapies may stop the rise in TNF-* and TGF-* levels, MPO activity, 
hydroxyproline content, and decrease SOD activity caused by bleomycin. Additionally, apigenin 
therapy reduced excessive collagen deposition.[129] Apigenin greatly suppressed immune activity in 
the lung both in vitro and in vivo experimentation using LPS-induced NO production in RAW264.7 
macrophages and acute lung injury in mice respectively. It also showed anti-proliferative actions via 
the inhibition of NF-κB and MAPK pathways.[130] When compared to the ovalbumin group, apigenin 
reduced the airway hyperresponsiveness, total IgE levels and infiltration ability of inflammatory cells. 
Additionally, immune response due to allergens is shifted toward Th1 by apigenin.[131] In OVA- 
induced asthma model mice, apigenin reduced infiltration of inflammatory cells into the airways and 
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blood vessels surrounding the lungs, airways luminal constriction, eosinophils count in BALF, and the 
development of airway hyperresponsiveness.[132] In OVA-induced asthma model of BALB/c mice, 
a higher dose of apigenin (20 mg/kg) significantly decreased eosinophil percentage in BALF, cell 
count, airway inflammation, airway hyperreactivity, serum IgE concentrations and IL-13, and IL-4 
levels in BALF and GATA-3 protein expression in lung tissue.[133]

Depression and insomnia

A study showed that apigenin injected in rats could reduce locomotor activity without hampering 
anticonvulsant, myorelaxant, or anxiolytic activities. The inhibitory role of apigenin on the locomotor 
behavior of rats cannot be attributed to the interaction between the flavonoid and GABA(A)- 
benzodiazepine receptor as failure in blockage with Ro 15–1788 was observed which proposed that 
it may interact with other neurotransmission systems.[134] Weng et al. studied depressed mice to 
examine the effect of apigenin. They found that apigenin administration in corticosterone-treated 
mice could regulate BDNF and serum corticosterone levels. The study confirmed the anti-depressive 
effect of apigenin and the mechanism behind these effects is partly upregulation of BDNF levels in the 
cerebral cortex.[135] Nakazawa et al. confirmed the anti-depressive effect of apigenin in mice by 
observing alterations in dopamine and norepinephrine turnover in the hypothalamus and 
amygdala.[136] Han et al. evaluated apigenin effectiveness to inhibit monoamine oxidase (MAO). 
Apigenin dynamically inhibited MAO-A (IC50 values of 1.7 µM) and MAO-B (IC50 values of 12.8  
µM).[137] Chaurasiya et al. revealed that the MAO-A inhibition by apigenin was 1.7-fold more selective 
than MAO-B. In an isolated rat atria model, apigenin enhanced noradrenalin activity and simulta-
neously inhibited MAO activity.[138] The effects of apigenin on the platelet adenylyl cyclase activity, 
hypothalamic – pituitary–adrenal (HPA) axis, and monoaminergic neurotransmitter system was 
studied by Yi et al., using stressed mice. The results showed that the serum concentration was 
regulated and the platelet adenylyl cyclase activity was depressed in the rat models. They suggested 
that the observed activity could be due to a combined biochemical effect.[139] Li and coworkers 
developed LPS-induced rat models to determine apigenin potential to reduce depressive-like behavior. 
Tested animals were pretreated with apigenin for 7 days with dosage of 25 or 50 mg/kg/day. Apigenin 
decrease the production of proinflammatory cytokines (TNF-α and IL-1β) and impeded the LPS- 
induced unusual behavior. Interestingly, they also noted that apigenin inhibited the production of 
COX-2 and iNOS. Apigenin (50 mg/kg) efficiently restored depressive behavior induced by TNF with 
no adverse effects on locomotor activities. In LPS-treated mice, apigenin with anti-inflammatory 
qualities had antidepressant-like effects.[140] Insomnia is a common sleep condition that can have 
serious consequences for a person’s well-being and health.[141] The preliminary efficacy and safety of 
apigenin was evaluated in chronic insomnia patients by obtaining extract from chamomile flower that 
contained more than 2.5 mg of apigenin and evaluated for its effectiveness in improving sleep and 
daytime symptoms. Thirty-four primary insomnia patients were enrolled (aged between 18 to 65  
years) by Zick et al..[142] No significant differences were observed in different groups in terms of sleep 
efficiency, sleep quality, total sleep time, wakefulness following the onset of sleep, sleep latency, or 
several awakenings. The utilization of apigenin extract caused modest betterment in daytime func-
tioning and sleep parameters.

Skin diseases

A study reported that apigenin stimulated nucleotide excision repair genes, which subsequently results 
in the protection of skin keratinocytes from ultraviolet B (UVB) and genetic mutations.[143] Choi et al. 
reported that a topical cream containing apigenin can effectively cause an increment in dermal density, 
ameliorate skin elasticity, maintain skin tone evenness, regulate trans-epidermal loss of water, mini-
mize the formation of fine lines and wrinkles, and stability in moisture contents. It was also well 
established norm that apigenin can become a potential anti-aging molecule for cosmetic 
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industries.[144] The study of Tong et al. revealed that the flavonoid possessed thrombospondin-1 
restoration ability in skin keratinocytes exposed to UVB and renormalize cell growth and synthesize 
more blood vessels in skin highly exposed to UVB. The findings gathered in the study suggested that 
apigenin can control UVB-induced carcinogenesis.[145] Table 1 summarizes the health perspectives 
with basic mechanisms of action of the bioactive compound apigenin in inflammatory-related 
diseases.

Table 1. Health perspectives and basic mechanisms of action of apigenin.

Disorders Mechanisms of action References

Anticancer Prostate: 
Down regulated the Snail, matrix metallopeptidases-2, −9, and Slug, Decreased p105/p50, NF- 
κB Akt, PI3K, and the phosphorylation of p-Akt and pluripotency marker Oct3/4 protein 
expression 
Lowered the phosphorylation of p-Akt

[12]

Prostate: 
Lowered effect on cell viability, migration and invasion 
Induced apoptotic cell death, and exhibited the cell cycle arrest

[16]

Hepatic: 
Exhibited cell cycle arrest at the G1 phase 
Up regulated the cyclinD1, down regulate CDK4 expressions

[15,96]

Oesophagus: 
Increased activated M1 profile marker OX-42 and iNOS 
Modulated IL-10 and tumor necrosis factor release 
Lowered cell viability, tumor migration and M2 profile marker CD206 expressions

[14,41]

Breast: 
Suppressed the cell growth, pSTAT3, phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K), 
pERK, IL-6, N-cadherin and pAkt expressions 
Lowered the phosphorylated extracellular signal-regulated kinase, snail, vimentin expressions

[43]

Colon colorectal: 
Reduced signaling from the MAP kinase, activation of the p53 response pathway and PARP 
cleavage

[39]

Oesophagus: 
Suppressed cell proliferation, VEGF levels, tumor-induced angiogenesis

[40]

Colorectal: 
Induce apoptotic cell death

[42]

Diabetes 
prevention

Facilitated the accumulation of Nrf2 nuclear translocation 
Enhanced HO-1 and NQO1 protein expressions

[54]

Inhibition of α-glucosidase [56]

Reduced fibrosis, oxidative stress, and renal dysfunction (lower transforming growth factor-1, 
fibronectin, and type IV collagen) Stop MAPK from activating Reduced expression of TNF, IL-6, 
and NF-B, increased expression of Bcl-2, and reduced expression of Bax and caspase-3.

[55]

Anti-obesity Body weight loss and visceral adipose tissue reduction 
Decreased phosphorylation of STAT3 and transcriptional activity 
PPAR expression were lowered.

[61]

Repressed inflammatory markers and NF-κB activation 
Induced cyclooxygenase 2 (COX2) and prostaglandin E2 (PGE2) expression

[62]

Enhanced energy export and activated lipolysis (ATGL/FOXO1/SIRT1) 
Lowered adipose tissue metabolic inflammation (NF-кB, MAPK)

[145]

Increased mRNA levels of ATG 
Lowered FASN expression

[63]

Boosted the skeletal muscle weight 
Reduced expression of atrophic genes, such as Atrogin-1 and MuRF1, mitochondrial 
biogenesis and function were improved 
Suppressed mitochondrial dysfunction and muscle atrophy caused by palmitic acid

[64]

(Continued)
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Table 1. (Continued).

Disorders Mechanisms of action References

Hepatoprotective Promoted APAP-induced autophagy 
Inhibited the transcriptional activation of nuclear p65

[79]

lower serum aspartate and alanine aminotransferase activity 
Decreased signal transducer and activator of transcription 3 expression and interleukin-1 
levels 
Reduced levels of malondialdehyde, nitrite/nitrate, and superoxide dismutase activity were 
achieved in the liver. 
Caspase-3 expression is negatively regulated.

[71]

Reduced alanine aminotransferase and aspartate aminotransferase Increased level of superoxide 
dismutase, reduced glutathione, glutathione peroxidases and catalase 
Down-regulated tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) 
Upregulated IL-10 expression 
Enhancing the activity of TNF receptor-associated factor (TRAF) 2/3 and cellular inhibitor of 
apoptosis protein (c-IAP) 1 
Ameliorated NF-κB-inducing kinase (NIK), which mediates translocation of NF-κB2

[68]

Enhanced insulin sensitivity and markedly reduce lipid accumulation 
Reduced inflammatory cytokines IL-1β and IL-18 release 
Inhibited xanthine oxidase (XO) activity 
Lowered uric acid and reactive oxygen species

[66,67]

Cardioprotective Induced mitochondria-dependent apoptosis 
Reversed hypoxia-induced inhibition of KV1.5 expression both in vivo and in vitro. The KV1.5 
inhibitor diphenyl phosphine oxide-1 (DPO-1) abrogated apigenin-induced mitochondria- 
dependent apoptosis

[90–92]

Attenuated the pyroptosis and apoptosis of myoblastic H9c2 cells 
Lowered the IL-1β and IL-18 levels

[96]

Downregulated miR-15b expression 
Increased the expression of JAK2 and the activity of JAK2-STAT3 pathway 
Lowered myocardial apoptosis and ROS production 
Downregulated the expression of miR-15b 
Upregulated the expression of JAK2 and the activity of the JAK2-STAT3 pathway

[89]

Increased ABCA1 expression through miR-33 repression 
Lowered the expression levels of TLR-4, MyD88 and p-IκB-α as well as nuclear NF-κB p65 
Markedly decreased secretion levels of several pro-inflammatory cytokines 
Decreased the contents of macrophages and smooth muscle cells 
Reduced miR-33, TLR-4, and NF-κB p65 levels

[82,83]

Increased the MMP level of MI/Rinduced H9C2 cells 
Modulated apoptosis associated protein expression and phosphatidylinositol 3’-kinase (PI3K)/ 
RACα serine/threonine protein kinase (Akt) signaling

[84]

Momentous reduction in MDA levels, apoptotic proteins [80]

Antimicrobial Inhibition of synthesis of nucleic acid 
Suppression of cytoplasmic membrane function

[99]

Showed antibacterial activity against Pseudomonas aeruginosa, Salmonella typhimurium, Proteus 
mirabilis, Klebsiella pneumoniae and Enterobacter aerogenes

[135]

Caused destabilization of the membrane structure by disordering and disorientation of the 
membrane lipids

[98]

Neuroprotective Down regulated the cytokine and nitric oxide 
Lowered the frequency of spontaneous Ca2+ signals 
Decreased caspase-3/7 mediated apoptosis

[104,105]

Reduced microglial activation, characterized by inhibition of proliferation (BrdU+ cells) and 
modulation of microglia morphology (Iba-1 + cells) 
Lowered the expression of the M1 inflammatory marker CD68. Reduced expression of OX42, 
IL-6 and gp130 
Enhanced the expression of brain-derived neurotrophic factor

[109]

Exhibited neuroprotective effects against axonal degradation, myelin fragmentation, trans- 
dedifferentiation, and proliferation of Schwann cells via Krox20- and extracellular signal- 
regulated kinase-independent processes

[106]

Downregulated the expression of NF-κB genes 
Prevented the neuroinflammation in substantia nigra pars compacta (SNpc) 
Prevented from the reduction of neurotrophic factors BDNF and GDNF mRNA expression 
Downregulated α-synuclein aggregation 
Upregulated the TH protein expression as well as dopamine D2 receptor (D2R) expression

[112]

Downregulated the TLR4/NF-κB signaling pathway 
Lowered the levels of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) 
Inhibited the mitochondria-mediated neuron apoptosis

[107]

(Continued)
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Conclusion

The current review presented a detailed break-down on the main medicinal propensities of 
apigenin, a common component in human diets, on inflammatory-related diseases. The promis-
ing bioactive plant component, apigenin, has being researched for possible health advantages. Its 
impact on the immune system, sleep, anxiety, testosterone production, blood sugar levels, and 
cancer are just a few of these possible advantages. According to research on rheumatoid 
arthritis, apigenin reduced activity of collagenase and stopped producing lipopolysaccharide- 
induced nitric oxide in RAW 264.7 macrophage cells dose-dependently. It was shown that 
apigenin can successfully influence redox homeostasis, and showed potential to regulate autop-
hagy which may be responsible for its anti-inflammatory effects. According to recent studies, 
flavonoids can reduce oxidative stress and inflammatory cytokines, which can help to prevent 
cardiac injury brought on by endotoxins. Several accounts have supported the fact that apigenin 
can improve an effective and novel treatment against myocardial injury. Interestingly, experi-
mental data revealed the positive effect of apigenin on depression and insomnia by upregulating 
brain-derived neurotrophic factor levels. Apigenin also has ability to manage respiratory pro-
blems caused by inflammation. In this review, it was observed that apigenin has garnered a fair 
amount of researchers’ attention toward its anticancer properties as evidenced by the large 
number of publications. Several other inflammatory-related diseases in which apigenin could 
play a fundamental role in their treatment strategies are cutaneous problems, obesity, diabetes, 
infections, reproductive, hepatoprotective, and neurodegenerative complications. Apigenin has 
the ability to impede or delay the onset of numerous chronic diseases. The potent inhibitory 
effect of that bioactive compound on inflammatory responses demonstrated its usefulness as 
a promising functional food or an integrative medicine for treating oxidative and/or inflamma-
tory related diseases.
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Table 1. (Continued).

Disorders Mechanisms of action References

Anti-inflammatory Decreased HO-1 protein expression and activity mediated by nicotine and LPS 
Inhibited the synthesis of nitric oxide, prostaglandin E2 (PGE2), interleukin-1beta (IL-1beta), 
tumor necrosis factor-alpha (TNF-alpha), IL-6, and IL-12 in response to nicotine and LPS. 
Increased activity of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS)

[117]

Pro-inflammatory cytokines IL-6, IL-1β, and TNF-α were inhibited 
Caspase-1 activity suppressed by NLRP3 inflammasome assembly disruption 
Decreased mRNA stability through ERK1/2 activation inhibition

[118]

Reproductive role Improved the frozen-thawed boar sperm quality [124]

Respiratory role Prevented from aggravation airway hyper-responsiveness (AHR) 
Decreased neutrophil infiltration and eosinophils concentration 
Decreased concentrations of total serum immunoglobulin IgE, cytokines associated to 
T helper type 2 (Th2), including IL-4 and IL-13, as well as Th17, including IL-17 
Decreased the expression of (NF-κB) p65, an enhancer of nuclear factor kappa-light chain in 
activated B cells

[127]

Depression and 
insomnia

Lowered the rises in hydroxyproline concentration, MPO activity, TNF-α and TGF-β levels 
Inhibited excessive collagen deposition

[128]

Reduced hippocampus levels of brain-derived neurotrophic factor (BDNF) [134]

Reduction in the mean arterial blood pressure 
Reduced symptoms of moderate to severe GAD

[146]
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